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WHAT IS CLAIMED IS: 

1. A purified protein having the Ability to oxidize a retinoid, and having an amino acid sequence 
which is at least about 30% conserved in relation to the amino acid sequence identified as SEQ 
ID NO:2 or identified as SEQ ID NQ:4 or identified as SEQ ID NO:32, or a functionally 

5 equivalent homolog thereof. 

2. A said protein of claim 1JpjwhfcWhe45rotein is at least about 35% conserved in relation to 
the amino acid sequepc^identified ds SEQ 101^0:2 or identified as SEQ ID NO:4 or identified 
as SEQ ID NO:32/or a functionally equivalent hofcriolog thereof. 

3. A said protein of claim 1 , in which the protein/s at least about 50% conserved in relation to 
10 the amino acid sequence identified as SEQ 04^0:2 or identified as SEQ ID NO:4 or identified 

as SEQ ID ND:32, or a functionally equivalent homolog thereof. 

4. A protein according toj^aHTTTTp^ variant thereof. 

5. The protein ofpteim 1, wherein the retinoid is a retinol andTbiva retinoic acid. 

6. The protein, ofpaim 1 , wherein the protein has the ability to oxidfe^ the carbon at the 4- 
15 position of the Prionone ring of the retinou 

7. The protein oK$laim 6, wherein the retinoid is an all-frans retinoid. 

8. A purifiedj protein having the ability to hydipxylate retinoic acid at the/4 position of the p- 
ionone ring of retinoic acid, and having an amino acid sequence whj&n is at least about 30% 
conserved in relation fo^he^amjn o ac id sequen^ejdentified^s^EQ ID NO:2 or identified as 

20 SEQ ID NO:4 or identified as SEQ ID NO:32 f or a functionally equivalent homolog thereof. 

9. A purified protein having the ability to oxidize ayetinoid at the carbon in the 4-position of the 
p-ionone ring of the retinoid. 

10. The protein of claim 9 wherein the retinoid is dn a\\-trans retinoid. 

1 1 . The protein of claim 10 wherein the retinoid is a retinoic acid. 

25 12. The protein of claim 1 , or a conservatively substituted variant thereof. 

13. An isolated nucleic acid molecule encoding a protein of claim 1, or a nucleic acid strand 
capable of hybridizing with the nucleic acid molecule under stringent hybridization conditions. 

14. An isolated nucleic acid molecule encoding a protein of claim 8. 

15. An isolated nucleic acid molecule comprising a DNA molecule having the sequence 
30 identified as SEQ ID NO:3 or SEQ ID NO:5 or SEQ ID NO:31 , or which varies from the 

sequence due to the degeneracy of the genetic code, or a nucleic acid strand capable or 
hybridizing with at least one said nucleic acid molecule under stringent hybridization conditions. 

16. A said nucleic acid molecule of claim 15 wherein the sequence of the nucleic acid 
molecule corresponds to a part of a human genome or of a fish genome or of a mouse 

35 genome, or varies therefrom due to the degeneracy of the genetic code. 

17. Isolated mRNA transcribed from DNA having a sequenc^which corresponds to a nucleic 
acid molecule according to claim 15. 

18. A microbial cell containing and expressing heterologous DNJ^ encoding a retinoid inducible 
protein. 

40 19. A microbial cell according to claim 1 8 in which the protein is cabable of oxidizing a retinoid. 
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20. A microbial cell\containing and expressing heterologous DNA encoding a retinoid inducible 
protein having all-fraros retinoic acid 4-hydroxylase activity. 

21 . The cell of claim 11 8 wherein the retinoid is retinoic acid. 

22. A microbial cell containing and expressing heterologous DNA which is complementary a 

13. 

ce according to claim 15 in a recombinant cloning vector. 
24. A stably transfected cell line which expresses a protein according to claim 1 . 
\25. A culture of cells transform edywith a recombinant DNA molecule having a nucleic acid 
sequence according tolclaim \ 

26. A host cell that has 
the cell having incq 

27. T 

retirfoi: acid. 



bp^n engineered genetically to produce a protein according to claim 1 
expressibly therein heterologous DNA encoding said protein. 

n of the protein is inducible by exposing the cell to 
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28. T! le cell of claim 2Q wherein the cell is euwaryotic. 

29. A process for producing the protein of cj^im 1 comprising: 
preparing a DNA fragment includipg^a nucleotide sequence which encodes said protein; 

snt into an expression vector to obtain a recombinant DNA 
molecule which includes the DNA fragment and is capable of undergoing replication; 
transforming a host celKwith said recombinant DNA molecule to produce a transformant 

which can express said protein; 
culturing the transformant tb produce said protein; and 
recovering said protein from resulting cultured mixture. 

30. An antibody to a protein of claim 1 . 

31 . An antibody of claim 30 wherein the antibody is a monoclonal antibody. 

32. An antibody to a protein having \ sequence included in the sequence identified as SEQ ID 
NO:4. 

33. A protein of claim 1 for use in metabolizing retinoic acid in an organism or cell in need of 
such metabolizing. 

34. A method for metabolizing retinoic dcid in an organism or cell in need of retinoic acid 
metabolizing comprising administering a protein of claim 1 . 

35. A method for inhibiting retinoic acid hydroxylation in an organism in need of such inhibition, 
comprising administering to the organism an effective amount of an antisense nucleic acid or 
oligonucleotide substantially complementary to at feast a portion of the sequence identified as 
SEQ ID NO:3 or SEQ ID NO:5 or SEQ ID NQ:31 . 

36. The method of claim 35 wherein the portion is at least 5 bases in length. 

37. The method of claim 35 wherein the organism is human. 

38. The method of claim 35 wherein the organism is being treated for a disease selected from 
the group consisting of cancer, actinic keratosis, oral leukoplakia, a secondary tumor of the 
head and/or neck, a non-small cell lung carcinoma, a basal cell carcinoma, acute 
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prbinyelocytic leukemia, skin cancer, and a premalignancy associated actinic keratosis, acne, 
psoriasis and/or ichthyosis. 

39. Tms method of claim 38 wherein the disease is acute promyelocytic leukemia. 

40. A method for producing a desired protein, comprising: 
providing a cell which can produce an endogenous protein in response to exposure to a 

retinoid; 

incorporating into DNIAjofltiej cell a DNA sequence encoding the desired protein at or near 
a sitejwnSch is normally occifpjed by a DNA sequence encoding the endogenous 
ffotein; ai 

10 exposing the cell to the retinoid so aalto induce production of the desired protein. 

41 . A kit for determining the presence jsf a protein according to claim 1 or having an amino 
acid sequence identifiecl as SEQ ID/NO:4, comprising an antibody to said protein linked to a 
reporter systemAwhereinMhe refforter system produces a detectable response when a 
predetermined amountofiSe-protein andlhe-aotibody are bound together. 

15 42. A kit for detejfpirfmg the\presence of a first saiarwcleic acid molecule of claim 1 3, the kit 
comprising a second nucleic acid molecule capable of hybridizing with at least a portion of a 
the first nucleic aqd molecule ur>der stringent conditions, in which the second nucleic acid 
molecule is linked ip a reporter sy^em wherein thej^porter system produces a detectable 
response when a predetermined am\unt qfjfo€m$\ and second molecules are hybridized 

20 together. 

43. The kit of claim 42, wherein the nuclete acid molecule is at least about 5 bases in length 

44. An isolated DNA molecule having a nucleotide sequence selected from the group 
consisting of: 

(a) SEQIDNO:33; 
25 (b) SEQIDNO:34; 

(c) SEQ ID NO:35; and 

(d) a fragment of (a), (b) or (c), 
wherein said DNA molecule possesses promoter activity. 

45. A DNA molecule of claim 44 wherein said DNA molecule include^ the sequence 
30 TGAACT(N) X TGAACT, wherein x has a value of up to 5. 

46. A DNA molecule of claim 45 wherein x is 5. 

47. A DNA molecule of claim 45 wherein said DNA molecule further includfes the sequence 
TCTGASSAAGKTAAC downstream from the sequence TGAACT(N) x TGAACt. 

48. A DNA molecule of claim 47 further including the sequence AATT betweerr\the sequence 
35 TGAACT(N)JGAACT and the sequence TCTGASSAAGKTAAC. 

49. A DNA molecule of claim 48 wherein there are up to six nucleotides between the sequence 
TGAACT(N) X TGAACT and the sequence TCTGASSAAGKTAAC. 

50. A DNA molecule of claim 45 further comprising the sequence CAATTAAAGA upstfeam of 
the sequence TGAACT(N) X TGAACT. 
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51 . A DNA molecule of claim 44 wherein said DNA molecule includes the sequence 
CAATTAAAGATGAACTTTGGGTGAACTAATT. 

52. A DNA molecule of claim 44, 45, 46, 47, 48, 49, 50 or 51 wherein the said DNA molecule 
includes the sequence TATAA. 

53 A DNA mofecule of claim 45, 46 or 50, wherein the said DNA molecule includes the 
sequence TATAA downstream of the sequence TGAACT(N) X TGAACT. 

54. A DNA molecule of claim 47 or 48, wherein the said DNA molecule includes the sequence 
TATAA downstreafm4?f the sequence TCTGASSAAGKTAAC. 

55. A'ONA moleciile offciaim 45 wherein said DNA molecule includes the sequence TATAA 
icated downstrearii of theVequence TGAACT(N) X TGAACT and spaced up to about 55 

nucleotides therefroj 

56. A recombinant DNA c6mprising the isolated DNA molecule according to claim 44. 

57. A recombinant QNyyaccording to claim 51 , further comprising one or more structural 
genes. 

58. A recombinan^D^lA^according to claim 56, wherein the one or more structural genes 
encodes cytocj 

59. An. 



le P450 protein(s). 
Sssion plasmid comprising the recombinant DNA according to claim 56. 



DNA according to claim 57. 
in said cell is eukaryotic. 



6fl./Ajrfsolated cell containing the recombinant 1 
61 An isolated cell according to claim 56 when 

6Z A process for the production of recombinant protein(s), comprising culturing a cell 
according to claim 60 and recovering the orotein(s) produced. 

63.1 A process according to daim 6£*rfierein the protein(s) comprise a cytochrome P450. 

64. lA process accordingJo-sJ^m 62 wherein the protein(s) comprise a fusion protein. 

65. A~ f n e t) l od TSfscreening drugs for their effect on activity of a retinoic acid inducible protein 
comprising exposing a purified sa\d( protein to a said drug and determining the effect on the 
activity. \ 

66. The method of claim 65 wherein the activity is hydroxylation of a retinoic acid, particularly 
a\\-tran$ retinoic acid. \ 

67. A method of screening drugs for their\ffect on activity of a protein of claim 1 comprising 
exposing a purified said protein to a said drub and determining the effect on the activity. 

68. The method of claim 67 wherein said method includes ascertaining the effect a said drug 
has on the oxidation of retinoic acid. \ 

69. The method of claim 68 wherein said retinoid is a\\-trans retinoic acid. 

70. A method of screening drugs for their effect on expression of a gene wherein the gene is 
inducible by a retinoid, comprising exposing a recombinant DNA of claim 60 to a said drug and 
determining the effect on gene expression. 

71 . The method of claim 70 including exposing the recombinant DNA in the presence of a said 
retinoid. 

72. The method of claim 70 wherein said structural gene\is a reporter gene which does not 
metabolize retinoic acid. 
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73. The method of claim 70 wherein determining the effect on gene expression includes 
ascertaining the effect on transcription of the gene. 

74. A method of screening a\drug for its effect on the metabolism of a retinoid by a cytochrome 
P450 encoded by a nucleotid^equeF»Ge4d^ntified according to claim 1 and incorporated into 

5 an expression systeni^e^s to oe under contrortof a nucleotide sequence having native 
promoter activityjdr a said cytochrome P450, comprising: 

exposing tKe system to the dnua in the presence of the retinoid so as to determine the effect 
of thetdrug on metabolisi 

75. The method of claim 74 wherein thje^retinoid is retinoic acid. 
10 76. The method of claim 74 or clgiiji 75 wherein the retinoic acid is all frans-retinoic acid. 

77. A drug identified accpf0fi§ to a Ijnethod of clafm^S, 66, 67, 68 or 69 as having the effect of 
modulating the acj 

78. A drug identified according to a mpthod of claim 70,] 71 , 72, 73, 74, or 75 as having the 
effect of modulatinglgene expression. 

15 79. A drug identified^ according to a method of clainrk? 6 as having the effect of modulating 
gene expression. 

80. A methog'tof4nlii fejting reting jc-aekfm^abolism in an organism in need of such inhibition, 
comprising administering to the organism arVeffective amount of a drug of claim 77. 

81 . A method for inhibiting retinoic acid metabolism in an organism in need of such inhibition, 
20 comprising administering to the organism an elective amount of a drug of claim 78. 

82. A method for inhibiting retinoic acid metabolism in an organism in need of such inhibition, 
comprising administering to the organism an effective amount of a drug of claim 79. 



